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Abstract 
Ubiquitous healthcare system is becoming essential in the attempt to improve healthcare delivery. Not only it is able 
to facilitate two-way communication between physician and patient, but it is also useful for the caregivers to 
maximize efficiency in running daily activities. Managing ischemia heart disease, one of the deadly diseases, would 
definitely benefit from such ubiquitous healthcare system. The current treatment method for ischemia requires 
patients to be physically present at their respective treatment centres for regular monitoring. This increases the need 
for remote monitoring method, due to the urgent nature of treating ischemia heart attack. Therefore, this paper 
presents preliminary system architecture and feasibility study of HeartPals, a low-cost Android-based integrated 
wearable electrocardiography (ECG) monitoring system that enables ischemia patients to be remotely monitored by 
their physicians. We also propose TOFUSER, a Technology-Oriented Feasibility stUdy Scheme for End-useRs as an 
extended feasibility study scheme to allow users to verify the preliminary requirements of the technology and users’ 
requirements of HeartPals.  
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1. Introduction 
   Ubiquitous healthcare is one of the evolving technologies that allow healthcare professionals and 
patients to exchange information regardless the time and place.  Communications between them can take 
place via multiple portable devices consisting of physiological signal devices, wireless body area network 
(WBAN), wireless communication protocol and physician’s systems.  These systems are proven to offer 
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continuous benefits towards preventing certain vital diseases, for instance, diabetes.  Diabetic patients 
who constantly suffer glycemic control and body weight issues can be continuously monitored remotely 
by their physicians [13].  Heart disease will also benefit from ubiquitous healthcare systems.  The 
growing number of people who suffer heart diseases, particularly ischemia heart disease, is projected to 
be rapidly increasing in the nearest future.  In 2006, cardiovascular disease has been regarded as the 
second highest killer in Malaysia and since then, by 2010, cardiovascular disease is projected to grow to 
be one of the most deadly diseases in almost all developing countries [1].  Meanwhile, ischemic heart 
disease, one of the deadliest variations, is the number one cause of death in Malaysia [2]. 
   Electrocardiography (ECG) is one of the assessment tools of heart conditions.  It has been a 
keystone for the detection and diagnosis of abnormality of the heart function [3].  However, in developing 
countries, the availability of specialized hardware such as ECG is relatively low [4].  Such situation has 
lead to certain needs for lower cost ECG solutions that are easy to use, reliable and accurate and can be 
used at home or ambulatory setting for the purpose of remote monitoring.  Furthermore, the emerging 
trend in mobile computing triggers the effort of maximizing the implementation of such remote 
monitoring system.  Currently, mobile computing is not limited to a small mobile devices anymore, in 
fact, the innovations has been extended to tablet devices which mimic the capability of personal 
computer, equipped with a built- in Wi-Fi for alternative radio access.  
   Certain efforts are being made to develop the remote ECG monitoring system. One of the products is 
AliveCor; a heart monitor feature for iPhone and iPad [6] dedicated as patient-centred ECG monitoring 
system, focusing on self-assessment. However, this product is still under extensive research and 
development. Another project released by New Element Medical [7], utilizes data collector to collect heart 
rate and leverage mobile phone as the medium to display ECG chart and communicate between patients 
involved. Nonetheless, the complete health assessments are to be manually and periodically done on 
special control centre devices instead of using a mobile phone for continuous information exchange. 
However, both systems are designed to focus only for certain needs; the first product is intended for 
patient’s self-assessments without any tools to accommodate remote monitoring which involves 
professional monitoring. Whereas, for the second product, even though it facilitates remote monitoring, 
the solution requires additional peripheral device for the periodic manual health assessment. For this 
solution, the mobile device is used merely as a complimentary tool to display information captured by the 
dedicated control device that consists of EGC and blood pressure assessment. There are no such heart 
remote monitoring working solely on mobile phone to perform patients’ heart assessment that owns the 
capability of continuously transferring data to their respective caregivers for maximizing heart control; 
especially in Malaysia, where the system is fairly new, the resources are limited making the acquisition 
for such an application and hardware are comparatively expensive and difficult to obtain. Additionally, 
Malaysia as a country with multi-ethnicity might have distinct requirements on the heart diseases remote 
monitoring system, for instance, multi local languages and affordability on the devices.  This situation has 
lead towards the stipulation of having a low-cost, integrated, localized, user-friendly and high mobility 
heart remote monitoring that capable of catering Malaysians active life-style.  
   The primary objective of this paper is to present a feasibility study scheme that enables system 
analysts to verify the preliminary requirements established by the idea innovator and to generate other 
genuine users’ requirements.  The scheme proposed is called Technology Oriented Feasibility stUdy 
Scheme for End-useRs (TOFUSER), which is used to evaluate whether the preliminary proposed idea of 
HeartPals meet users’ requirement. HeartPals, a low-cost Android-based integrated wearable ECG 
monitoring system, is developed to facilitate real-time information exchange between caregivers and heart 
patients as well as provide mobile personalised healthcare services to assist patients in their own heart-
care.  The principal concept of TOFUSER is to get the users involved in the design phase of the overall 
notion of a system hence it minimize the possibility of last minute system modification prior to launch the 
final product.   
The rest of the paper is organized as follow: Section 2 summarizes the key points of ubiquitous 
healthcare services. Section 3 presents our proposed architecture for a low-cost Android-based wearable 
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integrated ECG monitoring system. Section 4 proposes TOFUSER, a technology user-oriented feasibility 
study scheme. Section 5 summarizes the early expectation of TOFUSER and Section 6 closes this paper 
with future works and conclusion.  
2. The Ubiquitous Healthcare Services 
The rapid evolution and advancement in information technology and software system is one of the 
most effective methods in enabling a visible betterment in healthcare practices. Both patients and 
caregivers will benefit from the wide range of computerized healthcare services by providing quick, 
accurate, robust and yet efficient process of handling daily tasks. The ubiquitous healthcare system has its 
own unique benefits particularly in providing more utilization of physicians’ skills, which resulted in 
reducing the rate of unnecessary treatments along with possible maximizing the survival rate. Since the 
medical diagnosis and consultations can be delivered via wireless communication channel, it provides 
mobility and cheaper way to manage and care for patient with chronic diseases.  Nowadays, the numbers 
of ubiquitous healthcare systems developments are rapidly growing due to the current trend in which 
preventive medication is the key for better long-term health maintenance.  
Starting in the year 2004, there are several numbers of ubiquitous healthcare projects being pursued by 
large enterprises and government agencies specializing in healthcare-related products or services [8]. For 
example, MobileHealth is a mobile healthcare project focusing on general emergency service supported 
by European Countries (EC) such as Netherland, Spain, Germany and Sweden. Hardware-based 
companies, Philips and HP, provided the technical support and hardware for the project. As stated by 
Viswanath et. al. [9], apart from supporting the MobileHealth project, Philips has also intensively pursued 
its own independent project under Philips Medical System; a tele-monitoring service that is able to collect 
biological signals, transmit the data to be analysed by the centres and provide health management 
services. Similar system called Elite Care, which is developed in USA, aims to cater for elderly patients 
using various sensors and provides emergency services [9]. The Smart Medical Home project developed 
at the University of Rochester, New York is a new paradigm of ubiquitous healthcare where integration 
between personal health system and ubiquitous technology is the key point and is implemented based on 
infrared and biosensors for data collection, computers, video cameras and other devices. However, most 
of these earlier projects require high production cost to develop the patient’s side of the system, dedicated 
hardware devices apart from building the data centre. This is due to the limitation in the major three 
technology backbones of ubiquitous healthcare system, namely; mobile technology, wireless technology, 
and data storage technology. 
Additionally, according to Viswanath et. al. [9], two major technologies are significant for developing 
a wearable ubiquitous healthcare system. First is the Physiological Signal Device (PSD) that will 
continuously measure the patient’s biological signals such as heart rate. Second, a wireless 
communication technology built in a Wireless Body Area Network (WBAN) for supporting a short-range 
wireless communication between the PSD and the access point, which in this setting, is a mobile device. 
PSD can be in the forms of chest belt type, wristwatch type, shoulder type, and necklace type [9]. 
Together, the involvement of mobile technology and advancement in wireless technology, coupled 
with improved accessibility of IT infrastructure, have further increased the possibility of wider ubiquitous 
healthcare services implementation in a developing country like Malaysia.  The country aims to be a 
global healthcare player, has the opportunity and capability to implement ubiquitous healthcare system as 
a part of sustaining quality medical services. 
3.  HeartPals:  Integrated Wearable ECG Monitoring System Based on Android 
Here we propose the architecture of HeartPals, an integrated Android-based ubiquitous healthcare 
solution that focuses on heart remote monitoring system. This system is regarded as Healthcare 3.0, aims 
to assist hospitals to improve personalized healthcare services by providing continuous monitoring and 
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analytics of patient with heart problems anytime and anywhere. HeartPals utilizes the three main core 
technologies, which are Wireless Body Area Network (WBAN), mobile computing technology, and Java 
services using cloud technology. Initially HeartPals will focus on patient with specific cardiovascular 
disease monitored via the ECG rate using wearable physiological devices.  This solution is meant to be a 
low-cost option embracing Android platform as an open source technology, primarily, to minimize 
production cost, expedite implementation tasks and deliver a heart remote monitoring application that are 
supported by various mobile devices. The cloud technology enables the application to be delivered as a 
service, which offers users greater saving from the reduction of upfront, instalment and maintenance 
costs.  
As previously described, HeartPals is an ubiquitous healthcare solution which employs a wearable 
physiological device (WPD) that mainly aims to provide a continuous health monitoring for those patients 
who suffer common chronic diseases including the one that we aim to monitor, which is cardiovascular 
disease. Figure 1 depicts the general architecture of HeartPals solution. It basically consists of 5 major 
components: HeartPals Application Server, E-Medicare Data Center, HeartPals Android Application, 
HeartPals Desktop Client, and Quasar wearable PSM devices.  Each of these components is described 
below:                           
x HeartPals Application Server 
The HeartPals Application Server is the core component of HeartPals. It is aimed to serve connections 
and requests from the HeartPals Desktop Client, and HeartPals Android Application. It is implemented 
using Java technology with Multi-threaded Client Server technology and secure socket layer to ensure 
security. The HeartPals Application Server stores and manages its own data at the E-Medicare Data 
Center. 
x E-Medicare Data Center 
The E-Medicare Data Center is basically a storage farm of stacked up servers to handle data from 
solution offered by e-Medicare. Initially, HeartPals is the only solution that is going to leverage E-
Medicare Data Center, but the data center design is flexible to cater for data growth from HeartPals usage 
or other future solutions. We plan to use an Enterprise MySQL database server initially to minimize cost 
but plan to adopt Oracle or SAP once rapid data growth pattern is seen. 
x HeartPals Android Application 
HeartPals Android Application is designed to work on both Android 3.0 tablet and the latest Android 
4.0 phones. It is designed with a sleek user interface to give patients instant understanding on how to use 
the application. The HeartPals Android Application is able to connect to the HeartPals Application 
Server using Java secure socket to maintain the same Java-based data format and type across all 
HeartPals components. The HeartPals Android Application also listens to a specific secure port designed 
to receive data from the Quasar PSM ECG belt via Wi-Fi. The Android platform is chosen due to its 
availability in wide range of mobile device types that vary in cost and technical specification, where the 
users can easily pick the most suitable one for them. 
x HeartPals Desktop Client 
The HeartPals Desktop Client is a Java-based client with intuitive user interface.  It provides secure, 
seamless and fast connection to the HeartPals Application Server to push and pull data. Among the 
functionality offered are patient’s real-time ECG monitoring, statistics of heart beat average, summarized 
information on the heart condition and online appointment scheduling. Another advantage of HeartPals is 
that the clinic-side application is also accessible via Android tablets or mobile phones.  
x Quasar Wearable PSM devices 
For the wearable monitoring device, we choose to use the Physiological Status Monitor (PSM) ECG 
belt designed by Quasar Technology. The PSM belt records a single vector ECG, skin temperature, and 3-
dimensional acceleration. The mounting belt is comfortable for extended wear. It is made from medical 
grade latex and sweat absorbing foam that can be removed for washing. The PSM will transmit data 
wirelessly over Wi-Fi into the HeartPals Android Application and will also store 24 hours of data on its 
micro-SD memory card [5]. 
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Figure 1:  General Architecture of HeartPals  
4.   TOFUSER:  Feasibility Study Scheme for Preliminary Design and Functionalities of HeartPals 
This section will be discussing on the feasibility study of the software interfaces design and system 
functionalities of HeartPals. This is to acknowledge whether the proposed initial overall idea and the 
concept of the system meets the potential users. The feasibility study will be assessed using several 
parameters to verify the system requirements in different categories. During the planning stage, 
understanding user’s requirements is very crucial and sometimes these important aspects are purposely 
forgotten. A study by Avison and Fitzgerald [10] describes requirements as everything that is relevant that 
stakeholders want from the system. Moreover, the importance of the user’s opinion on a digital product 
has been verified by a study conducted by Novak et. al. [11], where the study has noted that users’ 
involvement is an important factor to be examined in the context of users’ requirements. The fundamental 
feasibility study parameters merely focus on measuring the impact of producing a new product towards a 
company's workflow.  The basic parameters are technology feasibility, economy feasibility, operational 
feasibility and legal feasibility. Nonetheless, the evaluation to assess users’ requirement towards a new 
idea is not highlighted here, although users play important roles in determining whether a product is 
worth buying or not. A good product must be comfortable to use and comply with all the requirements 
stated by the potential users.  
Hence, in order to better understand users’ requirement and to initiate users’ involvement in the 
product development cycle, we propose TOFUSER, a Technology Oriented Feasibility stUdy Scheme for 
End-useRs. The proposed framework is aimed to allow users verify the proposed idea as well as evaluate   
users' requirements on technology-based product. Feasibility study on a technology-based product 
requires extra evaluations as there are numerous supplementary product's attributes that need to be 
evaluated, such as maintenance cost under economy feasibility and to evaluate whether the product does 
comply with ethical requirement especially concerning users data privacy.  Alongside these basic 
parameters of feasibility study, we would like to present our proposed new parameter namely the Human-
Factor feasibility study. This parameter highlights TOFUSER as a distinct feasibility scheme as the first 
sub-parameter, the Users' Background, enables the data collectors to learn more about their target 
respondents’ background allowing them to adjust the approach for interviewing according to the 
respondents level of knowledge making the process more efficient and yet produce precise and more 
meaningful result. Besides that, the parameter consists of other sub-parameters to evaluate the product’s 
suitability matches the nature of human being.  A qualitative process is chosen since it provides more 
meaningful information. Additionally, the data based on human experience is much more powerful and 
sometimes more compelling in comparison with quantitative data [12]. The entire process of the 
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TOFUSER feasibility study scheme is shown and labelled in the following Figure 2 with the explanation 
for each of its parameters and the sub-parameters. 
 
Figure 2: TOFUSER Feasibility Study Scheme 
 
The process is initiated by the interviewer to generate the first system requirements followed by 
preparation for the interview session as shown in step 1 (Note: to follow the explanation, please refer to 
the numbers alongside the arrows as the step number).  After preparing for the interview session, the 
process proceeds to step 2, which is gathering feedback from the respondents based on first parameter, 
P1.a the Human-Factor Feasibility’s users’ background. This parameter is vital as the entry point of 
evaluation process since by knowing the respondent’s background, the data collector is able to adjust the 
level of questions that will be asked to match the knowledge of the designated respondents. Once the data 
collection on the human-factor parameters is completed, next, the interview will resume to step 3 that is 
the assessment for the System and Technology Feasibility parameter. At this stage, the evaluation process 
starts by assessing the proposed system’s interfaces designs sub-parameter P2.a. This parameter is the 
first assessment assuming that interface designs are the best visualization tools to capture users’ interest in 
addition to gaining deeper understanding of the proposed idea.  By then users have gained knowledge on 
the product through viewing how the system will be created.  In the next step 4, users will evaluate the 
proposed system functionalities parameters that are supported by each interface. Step 5 enables the 
interviewer to attain information on the hardware availability amongst users. This information is 
important to evaluate whether the proposed supported hardware is common among the users. Once the 
information on the hardware availability is acquired, the feasibility analysis process resumes to step 6 for 
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evaluating the Operational Feasibility. The first sub-parameter to be assessed is the tangible benefits, 
P3.a, of using the proposed product. After completing the assessment, the process is continued to step 7 
to analyse the intangible benefits, P3.b, of the product. Both parameters are significant for knowing how 
much the products will contribute towards the betterment of the current service delivery thus enabling the 
product developer to emphasize in developing certain modules that will become the strength of the 
product. The process subsequently continues to step 8, which is to evaluate the Legal Feasibility 
parameter, P4. The first sub-parameter to be evaluated is the P4.a, privacy and security concern. This 
parameter is to discern the proposed product’s impact concerning users’ privacy and security issues. 
Afterwards, the process continues to step 9, which is to evaluate the legal concerns, P4.b, verifying 
whether the proposed product conflicts with the country’s legal requirement. After getting users 
requirements on the basic elements of the proposed product, the process continues to step 10, which is to 
evaluate the Economic Feasibility parameter, P5. This parameter evaluates the proposed cost of the 
product from different aspects. The first sub-parameter, P5.a, is the infrastructure cost. This assessment is 
applied if there was supplementary infrastructure needed to support the proposed product. Next, step 11 
evaluates the suitability of the proposed system maintenance cost followed by assessing the proposed 
overall solution cost as shown in the step 12. By then, overall assessment of the product is accomplished. 
The evaluation then goes back to the Human-Factor Feasibility parameter where in step 13, the evaluation 
on the comfortableness of using the proposed product and/or any of its supported hardware.  This sub-
parameter also measures the user’s skills in handling the technology. The process then goes to step 14, 
which is to acquire user’s demand or expectations from the product. Subsequently, the process reaches 
step 15, which involves evaluating the overall readiness of the product. The next step, 16, is the data 
analysis process. If the parameters from P1 (a, b, d), P2 (all), P3 (all) and P5 (all) attained the result of 
>=50% positive responses from the respondents, the proposed idea on the product is assumed to have 
already fulfilled the users’ needs and merely some minor changes need to be done throughout the 
development process. Next, if parameters P1.c and P4 (all) obtained the result of =<50%, it means that 
the respondents have verified the proposed product as not interfering with any of legal or privacy 
concerns, as well as there are few or no users’ demand to be re-evaluated. Thus, these particular system 
requirements are ready for further implementation. If the results of all parameters are contrary with the 
previously mentioned results, then the process will be continued to step 1A whereby all results that are 
required to be re-evaluated will be prioritized according to its level of percentage; the lower the 
percentage for P1 (a, b, d), P2 (all), P3 (all) and P5 (all), the more important the parameters are to be re-
assessed and the higher the percentage for P1.c and P4 (all), the more important they are to be re-
evaluated. Users’ demand will be classified according to the most beneficial one to improve the product’s 
feature. Subsequently, in step 2A, new requirements will be produced. Then, the process continues until 
step 3A where the re-assessment begins with step 2. This feasibility study process will continue looping 
as long as there are parameters that are unverified.                                                 
                                                
5.  Summary 
 
Having proposed an architecture for HeartPals and the TOFUSER scheme, in this section we analyze 
the preliminary viability of implementing both concepts. HeartPals is designed to be able to support any 
Android devices, one of the most skyrocketing mobile technologies in Malaysia, due to its affordability 
and refined functionalities. Growing interest in mobile technology and concerns of heart disease suffering 
will further extent the viability of this product. Additionally, the utilization of cloud technology provides 
a service in which enabling caregivers to provide heart remote monitoring with affordable cost. 
TOFUSER will enable potential users to verify the proposed concept of any new product or idea. 
Moreover, the original approach of feasibility study scheme can also be accomplished in parallel with 
TOFUSER, hence, enabling the product innovators to gain users’ verification of the preliminary 
product/system requirements.   Therefore, the innovators will be able to reach meaningful information on 
how the product will affect the users as well as to verify whether the product/system idea is realizable.   
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6.  Future Work and Conclusion 
 
This research proposed an architecture for a ubiquitous healthcare system called HeartPals and used 
the proposed TOFUSER as its feasibility study scheme to verify the early requirements of HeartPals 
design while gaining other useful requirements obtained through the process of qualitative analysis with 
potential users. The output of this study will assist in the development phases of HeartPals where the 
innovators and developers must include users’ requirements right from the feasibility study phase to 
enable the end product to be precisely suited to the market needs. For future work, we are currently 
focusing on developing the prototype version of HeartPals focusing in the mobile environment without 
deploying the Physiological Signal Devices (PSD) yet. An extensive research in establishing safety, 
reliability and effectiveness for both the application and devices are also being conducted. Furthermore, a 
legal and ethical clearance from the medical authority will also be sought.  We are looking forward to 
further discussions on the prototype evaluation outcome with actual users and subsequently, to develop 
the full solution with PSD included and, finally, proceed to clinical trial for proving the effectiveness of 
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